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Chemoselective alternation of one-pot Stille-Heck and Heck-
Stille reaction sequences have been achieved and used to 10 
construct model tetracycles in a unified approach to frondosins 
B-D. 
In recent years, de Meijere and co-workers have demonstrated the 
utility of 2-bromoalkenyl trifluoromethanesulfonates 1 as substrates 
in palladium-mediated cascade reaction processes.1 For example, 15 
Stille-Heck reaction sequences can be conducted in a one-pot  3 
component coupling process to afford hexatrienes 3 that can then 
be converted to cyclohexadienes 4 through 6π-electrocyclisation 
(Scheme 1). In building on this methodology, we were interested in 
linking the vinylstannane of the Stille reaction to the alkene of the 20 
Heck reaction via a tether, as in 5, to give ring structures 6 or 7 via 
a Stille-Heck or Heck-Stille process, respectively. In this 
arrangement relative reactivity, as opposed to the order of addition, 
of the vinylstannane and the Heck-acceptor determines the nature 
of the product, 6 or 7. 25 
 
Scheme 1:  Heck-Stille reaction sequences.   
In this report, we describe our ongoing efforts to exploit a tethered 
arrangement of the type 5 (n=2), compound 8, in a Stille-Heck 
sequence that can be used in a unified approach to various members 30 
of the frondosin family of natural products (Scheme 2). An 
important aspect of this work has been our capacity to exert 
complete chemoselective control over the Stille-Heck and Heck-
Stille reaction sequences.  
The frondosins B, C and D (11a, 12b, 12c, respectively, Scheme 2) 35 
are compounds of considerable interest due to their promising of 
anti-HIV activity and interleukin-8 affinity.2 This and their unusual 
structures have prompted considerable synthetic interest in these 
natural products.3,4 Frondosins B-D all share the 
bicyclo[5.4.0]undecane ring system (C,D-rings in 11 and 12). We 40 
are interested in developing a concise approach to this ring system 
that can then be adapted to various, readily available bromotriflates 
9a-c as a unified approach to the frondosins B-D and their 
analogues. In this approach, the Stille-Heck coupling of 8 to 9 to 
give tetracycle 10 would be followed by gem-dimethylation, 45 
asymmetric hydrogenation and methyl ether cleavage to give 11a-c 
(11a = frondosin B). Rose Bengal oxidation of 11b,c would give 
12b,c (12b = frondosin C, 12c = frondosin D) 
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Scheme 2: Proposed unified approach to frondosins B-D. 50 
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Scheme 3: Selective Stille-Heck and Heck-Stille pathways. 
In order to verify this approach, in particular the use of 8 in giving 
the the bicyclo[5.4.0]undecane ring structure, we decided to use a 
model system in the form of the readily available 2-bromo-3,4-55 
dihydronaphthalenyl trifluoromethanesulfonate 15 (Scheme 3). 
Compound 15 was generated in two steps (76% overall yield), 
involving quantitative bromination of α-tetralone 13 followed by 
enol triflation using the methodology of de Meijere and 
coworkers.1,5 It was found that the addition of triflic anhydride after 60 
2 h to a solution of the deprotonated α-bromoketone with N-2-
pyridyltriflimide in THF at -78 °C resulted in a higher yield of 
triflate than with either reagent by itself.6      
   The vinylstannane 16 was made in a five-step sequence from 
commercially available 1,3-dimethoxybenzene (not shown), in  an 65 
80% overall  yield. The first 3 steps of reduction, alkylation and 
hydrolysis to give 1,3-cyclohexanedione 14 were performed 
according to the procedures of Piers and co-workers.7a The dione 
14 was then converted to the vinylstannane 16 in two steps, the  
first being treatment of 15 with Ph3P.Br2 to give a 3-70 
bromocyclohexenone (not shown) and the second being 
substitution of the bromide with (Me3Sn)2Cu.LiCN in THF/HMPA 
at low temperatures, a technique also developed by Piers.7b 
   Compounds 15 and 16 were subjected to Stille-Heck conditions, 
which included a palladium catalyst, copper(I) thiophene 75 
carboxylate [Cu(I)TPC] co-catalyst and Et3N (Heck base), to 
regioselectively generate tetracycle 19 (69%), our model system for 
the frondosins. Under these conditions, it is not possible to isolate 
intermediate 17 indicating that the second reaction (Heck) is faster 
then the first reaction (Stille). This is likely to be due to the 80 
introduction of the enone increasing the reactivity of the bromide in 
17 (doubly vinylogous acid bromide) to oxidative addition, relative 
to the triflate in 15. The resultant palladium intermediate then 
undergoes an intramolecular 1,7-Heck faster than the 
intermolecular Stille with another euivalent of 16. Exposure of 19 85 
to traces of acid (as found in CDCl3) at room temperature 
promoted rearrangement of the double bond in 19 to the 
thermodynamically more stable isomer 19’. This double bond 
isomer 19’ was used in the full characterisation of the tetracycle, 
inculding 2D NMR to confirm the regioselectivity of the C-ring 90 
formation.8  
   Modified conditions were also employed for a cascade Heck-
Stille sequence which delivers a tetracycle 20 with the alternative 
regiochemical outcome to 19, in a two-step or pseudo-one-pot 
process (Scheme 3). Central to the success of this process is the 95 
introduction of the Cu(I)TPC, which activates the vinylstannane to 
coupling, only after the Heck reaction on the terminal alkene of 16 
is complete.9 The Heck reaction was performed in 1,2-
dichloroethane (DCE) at 95 °C, with dry NaOAc and palladium 
tetrakistriphenylphosphine over 2 h giving 17 with excellent 100 
regioselectivity and a 68% yield when isolated. In the one-pot 
approach, the DCE is evaporated from the Heck reaction mixture 
and LiCl, Cu(I)TPC, additional Pd catalyst and NMP (solvent) 
added and the mixture further heated to give tetracycle 20 in a 
modest overall yield (32%). 105 
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